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LUBRICATION OF MAGNETIC DISK
STORAGE MEDIA

This application claims the benefit of Ser. No. 60/020,
133, filed on Jun. 20, 1996.

FIELD OF THE INVENTION

The present mvention relates to methods for forming an
interface between an amorphous carbon coating and a lubri-
cant film, said interface comprising atomic bonds between
atoms 1n the amorphous carbon coating and atoms 1in the
lubricant film, whereby the lubricant film strongly adheres to
the amorphous carbon coating.

BACKGROUND OF THE INVENTION

Amorphous carbon or diamond-like carbon (“DLC”)
coatings have been used to coat a number of different

surfaces that encounter frictional contact and wear during
use. DLC 1s chemically inert and 1s known to have a low
coellicient of friction. DLC coatings also have been shown
to be extremely smooth, unlike polycrystalline diamond
deposits.

In some applications, 1t 1s desirable to coat the DLC with
a lubricant film, typically a perfluorinated lubricant film, to
further decrease friction and wear. For example, lubricant
films are desirable for magnetic recording media.

Magnetic recording media generally are comprised of a
magnetic coating material deposited on a permanent sub-
strate. The magnetic coating material usually consists of a
binder having ferromagnetic materials therein, or a metallic
layer comprising a magnetic material. An example of a
magnetic recording media 1s a hard disk having a substrate
of aluminum or silicon and a magnetic metallic coating
thereon, which can be an alloy such as GdCo, CoPtCr,

CrV—CoPt(Cr, etc.

Magnetic recording media are used 1n combination with
magnetic recording heads or transducers to produce read,
write, and erase functions. As the technology has developed,
the thickness of the magnetic metallic layer has decreased
and the “density,” or the total number of bits that can be
stored on the magnetic recording medium, has increased.

Higher density recording has required that the recording
heads be brought into closer and closer physical contact with
the metallic magnetic recording layer. Very often, this results
in “crashing” of the recording head into the magnetic
recording medium. “Crashing” results 1n wear on the mag-
netic metallic layer and on the surface of the magnetic
recording head. Crashing also may destroy data that 1s stored
on the metallic magnetic recording layer.

In order to prevent crashing, an ultra-thin (less than 200
A, or less than 20 nm) protective layer of DLC has been
provided to make the magnetic recording layer abrasion-
resistant. In order to even further decrease friction and wear,
the DLC has been coated with an even thinner film of
lubricant, typically a perfluorinated lubricant.

The bond between the storage medium and the DLC
coatings generally has been strong; however, the bond
between the DLC coatings and the lubricant films has been
weak. Research has shown that perfluorinated lubricants do
not chemically bond to DLC, but are bound to DLC coatings
by mere van der Waals forces. As a result of the weak
attraction between the DLC and the lubricant, 1t 1s possible
for a lubricant film to fail upon high-velocity impact with a

slider head.

A means 1s needed to provide stronger bonding between
DLC and a lubricant coating.
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2
SUMMARY OF THE INVENTION

The present mvention provides a method for adhering a
lubricant coating to a diamond-like carbon coating compris-
ing directing a vaporized stream of a perfluorinated lubricant
onto said diamond-like carbon coating 1n a vacuum, at a
temperature, and under conditions effective to condense said
pertluorinated lubricant onto said diamond-like carbon coat-
ing 1n an amount sufficient to form a lubricant precursor film,
said perfluorinated lubricant having a viscosity sufficient, at
an effective thickness, to protect said diamond-like carbon
coating from abrasion; and bombarding said lubricant pre-
cursor film with an energetic beam of 1ons at an energy, a
rate of 1on arrval, and for an amount of time sufficient to
rupture 1nteratomic bonds 1n said diamond-like carbon coat-
ing and 1n said lubricant precursor {ilm, forming an interface
comprising atomic bonds between atoms in said diamond-
like carbon coating and atoms 1n said lubricant precursor

film.

DETAILED DESCRIPTION OF THE
INVENTION

According to the present invention, the substrate to be
coated 1s placed 1n a vacuum chamber that has been evacu-
ated to base a pressure of preferably less than about 107>
torr. A suitable DLC precursor material 1s deposited onto the
substrate, preferably by vaporizing and condensing a pre-
cursor film onto the substrate using known means.
Generally, the precursor 1s placed 1n a reservoir, heated to
vaporization, typically between about 150° C.—170° C.
(302° F.—338° F.), and directed onto the component, for
example, using a right angled nozzle.

Suitable DLC precursor materials include parylenes,
fullerenes, and carbon-based diffusion pump materials
which have a low vapor pressure and can be vaporized stably
at room temperature. Examples of suitable diffusion pump
fluids 1include, but are not necessarily limited to: polyphenyl
cther; elcosyl naphthalene; 1-diamyl phthalate; 1-diamyl
sebacate; chlorinated hydrocarbons; n-dibutyl phthalate;
n-dibutyl sebacate; 2-ethyl hexyl sebacate; 2-ethyl hexyl
phthalate; di- 2-ethy1 hexyl sebacate; tri-m-cresyl phosphate;
tri-p-cresyl phosphate; dibenzyl sebacate. Preferred diffu-
sion pump fluids include, but are not necessarily limited to,
polyphenyl ether and elcosyl naphthalene.

Other suitable precursors are the vacuum-distilled hydro-
carbon mineral oils manufactured by Shell O1l Company
under the trademark APIEZON. Of this group, Apiezon A,
Apiezon B, Apiezon C, and Apiezon D are the most appro-
priate. Other preferred DLC precursors are siloxanes, such
as polydimethyl siloxane, pentaphenyltrimethyl siloxane,
and other silicon containing diffusion pump fluids, prefer-
ably pentaphenyl-trimethyl siloxane.

The substrate and precursor film should be bombarded
with an energetic beam of 1ons, either 1n a continuous or
interrupted fashion, preferably substantially simultaneously
with the deposition of the vaporized precursor molecules. A
preferred 10n species 1s argon. Other suitable 10ns include,
but are not necessarily limited to nitrogen, hydrogen, silicon,
methane, helium, neon, and mixtures thereof.

The 10n beam should have an energy between about 500
eV to 100 keV, preferably about 10 keV. The energy of
bombardment must be sufficient to 1onize the constituent
molecules 1n the precursor film, and to rupture the bonds
between hydrogen and other atoms, thereby releasing the
hydrogen into the surrounding vacuum to be pumped away.

The “10n arrival ratio” should be controlled 1n relation to
the rate of arrival of the hydrocarbon precursor molecules.




5,922,415

3

The “10on arrival ratio” 1s defined as the ratio of each arriving
ion to the number of precursor molecules present at the
surface of the component.

The 10on arrival ratio preferably should be at least 1 10n for
every molecule of hydrocarbon precursor. This process
should require about one 10n for every 100 atoms 1n the final
product coating; however, the required 1on-to-atom ratio will
vary according to the mass and energy of the 1on species.
Typically, 100 eV must be deposited for each carbon atom
in the coating. Persons of ordinary skill in the art can relate
the 1on beam current per unit arca to the arrival rate of
precursor molecules.

The function of this 1on bombardment step 1s to rupture at
least about 80% of the carbon-hydrogen bonds in the
precursor, resulting in the formation of a noncrystalline
coating of amorphous carbon. The amorphous carbon
formed 1n this manner has a relatively low residual hydrogen
content, controllable by the level of 1onic bombardment,
within the range from 10 to 30 atomic percent hydrogen. The
hardness of the amorphous carbon consequently i1s high,
within the range of 10-20 GPa, and the compressive stress
is low, 1.e., below 100 MPa. The root mean square (rms)
surface roughness of the coating 1s low, and has been
measured to be below 3 nm.

The energy dissipated by the energetic 1on bombardment
during 1on beam assisted deposition 1s 1n the form of
inelastic electronic excitations equivalent to at least about
100 ¢V for each carbon atom within the deposited coating.
This energy dissipation strongly enhances adhesion of the
DLC coating by rupturing and subsequently reforming inter-
atomic bonds across the mterfaces. Persons of ordinary skill
in the art will recognize how to achieve the correct linear
energy of transfer in the 1onizing process.

Thereafter, a lubricant, preferably a perfluorinated
lubricant, such as a perfluoropolyether or perfluoropolyether
alcohol, should be deposited onto the DLC. Preferred per-
fluoropolyethers are non-polar molecules with relatively
hich molecular weights of over about 1000 amu, most
preferably over about 2000 amu, a preferred pertluoropoly-
cther being FOMBLIN 18/8™  available from Montedison,
SpA, Italy. A most preferred lubricant 1s the perfluoropoly-
alcohol FOMBLIN Z-DOL™, available from the same
source, which has the formula (HOCH,—(OCF,CF,) —
(OCF,),—OCH,OH) where x and y are such as to provide
molecular weights 1n the range 10002000 amu. FOMBLIN
Z-DOL™ 1s a polar substance which can be expected to
anchor to the dangling bonds and activated surface moieties
that result from 1onic bombardment of the DLC film.

Relatively high molecular weight lubricants are preferred
because they have relatively low vapor pressures. The
relatively low vapor pressure of the lubricant permaits a film
of the vaporized lubricant molecules to condense onto the
substrate even at relatively high temperatures, and the mol-
ccules will not easily vaporize off of the substrate after
condensation. Lubricants with higher molecular weights
also are sufliciently viscous to provide a protective boundary
film for the substrate.

In a preferred embodiment, the perfluorinated lubricant,
preferably FOMBLIN Z-DOLT™, 1s placed in a reservorr,
heated to wvaporization at between about 125-175° C,
(257-347° F.), and directed onto the component. The com-
ponent should be bombarded with an energetic beam of 10ns,
cither 1n a continuous or interrupted fashion, preferably
substantially simultaneously with the deposition of the
vaporized lubricant molecules. A preferred 10n species 1s
argon. Other suitable 10ons include, but are not necessarily

10

15

20

25

30

35

40

45

50

55

60

65

4

limited to, nitrogen, hydrogen, silicon, methane, helium, or
neon. During the first few minutes of the deposition process,
the 1on bombardment should be sustained at an energy
between about 500 eV to 100 keV, preferably at about 10
keV. During the next minute or so, the ion flux (or current
density) should be decreased, or ramped down to zero. A
preferred timescale for the entire 10on bombardment of the
lubricant film 1s between about 2—3 minutes to deposit
approximately 2 nm of fluid lubricant.

During the bombardment of the lubricant film, the “ion
arrival ratio” should be controlled in relation to the rate of
arrival of the lubricant molecules. The 1on arrival ratio
preferably should be at least 1 1on for every 10 molecules of
lubricant. Typically, 100 ¢V must be deposited for each
lubricant molecule.

The function of this 1on bombardment step 1s to rupture
interatomic bonds within the DLC coating and the polymeric
lubricant so that new bonds to form, bridging the interface
between the carbonaceous coating and the lubricant film.
The resulting adhesion between the DLC coating and the
lubricant film should be much stronger than the adhesion
achieved by mere van der Waals’ forces. Because the
process 1s performed 1n a vacuum, the risk that
contaminants, such as water vapor, will become adsorbed
onto the DLC coating and interfere with adherence of the
lubricant film to the DLC coating 1s decreased.

After 1on bombardment of the lubricant film 1s complete,
lubricant molecules should continue to be condensed onto
the substrate without 1on bombardment until a continuous
lubricant film having a thickness of between about 1-2 nm
1s formed. Only after the formation of this film should the
substrate be removed from the vacuum chamber.

In another embodiment of the present invention, the
transition between the thermal vapor deposition of the DLC
precursor and the thermal vapor deposition of the lubricant
1s graduated. A transition period of about 1-2 minutes should
exist during which both DLC precursor and lubricant mol-
ecules are condensed together onto the substrate and 1on
bombarded. In practice, a transition period may be achieved
simply by passing the substrate through a zone in which
vaporized streams of DLC precursor and lubricant mol-
ecules overlap.

Although the invention has been described with reference
to magnetic recording media, the present invention 1S suit-
able for use 1n any number of applications 1involving DLC
coated substrates bearing a lubricant film. An example of
another application 1s a surgical seal, for example, 1n a
laparoscope. The present 1nvention 1s directed both to the
specific method for producing the lubricant film described
herein, and to DLC coated substrates bearing a lubricant film
which are made by any method suflicient to cause atomic
bonds to form between atoms 1n the DLC coating and atoms
in the lubricant film.

Many modifications and variations may be made 1n the
embodiments described herein and depicted 1n the accom-
panying drawings without departing from the concept of the
present mvention. Accordingly, 1t 1s clearly understood that
the embodiments described and illustrated herein are 1llus-
trative only and are not intended as a limitation upon the
scope of the present imnvention.

We claim:

1. A method for adhering a lubricant coating to an
amorphous carbon coating comprising

directing a stream of a perfluorinated lubricant onto said
amorphous carbon coating under first conditions etfec-
tive to condense said perfluorinated lubricant onto said
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amorphous carbon coating 1n an amount sufficient to
form a lubricant precursor film, said perfluorinated
lubricant having a viscosity sufficient, at an effective
thickness, to protect said amorphous carbon coating
from abrasion; and

bombarding said lubricant precursor film with an ener-
getic beam of 10ns under second conditions effective to
rupture 1nteratomic bonds in said amorphous carbon
coating and 1n said lubricant precursor film, forming an
interface comprising atomic bonds between atoms 1n
said amorphous carbon coating and atoms 1n said
lubricant precursor film.

2. The method of claim 1 wherein

said perfluorinated lubricant 1s selected from the group
consisting of a perfluoropolyether and a perfluoropoly-
ether alcohol; and

said molecular weight 1s at least about 1000.
3. The method of claim 2 wherein said compound has the
following general structure:

(HOCH,—(OCF,CF,),—(OCF,) —OCH,OH)

wherein x and y have values which result in a molecular
welght 1n the range of about 1000 to about 2000.

4. The method of claim 3 wherein said stream of a
perfluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

5. The method of claim 2 wherein said conditions com-
prise

said 1on beam having an initial energy 1n the range of

about 500 eV to about 100 keV;

said bombardment continuing for a first amount of time
and at a first rate of 1on arrival sufficient to deposit a
total equivalent of about 100 eV for each molecule of
said perfluorinated lubricant; and

a subsequent rampdown 1n current density to zero over a

second amount of time.

6. The method of claim § wheremn said stream of a
perfluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

7. The method of claim 5 wherein said 1nitial energy 1s
about 10 keV.

8. The method of claim 5 wherein
said first amount of time 1s about 2 minutes; and

said second amount of time 1s about 1 minute.

9. The method of claim 2 wheremn said stream of a
perfluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

10. The method of claim 9 further comprising, after said
ion bombardment, continuing to condense a stream of said
vaporized perfluorinated lubricant onto said diamond-like
carbon coating to form a continuous lubricant coating hav-
ing said effective thickness.

11. The method of claim 1 wherein said conditions
Comprise

said 1on beam having an initial energy in the range of

about 500 eV to about 100 keV;

said bombardment confinuing for a first amount of time
and at a first rate of 1on arrival sufficient to deposit a
total equivalent of about 100 eV for each molecule of
said pertluorinated lubricant; and

a subsequent rampdown 1n current density to zero over a
second amount of time.
12. The method of claim 11 wherein said stream of a
perfluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.
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13. The method of claim 12 further comprising, after said
ion bombardment, continuing to condense a stream of said
vaporized perfluorinated lubricant onto said diamond-like
carbon coating to form a continuous lubricant coating hav-
ing said effective thickness.

14. The method of claim 11 wherein said initial energy 1s
about 10 keV.

15. The method of claim 14 wherein said stream of a
pertluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

16. The method of claim 11 wherein
said first amount of time 1s about 2 minutes; and

said second amount of time 1s about 1 minute.

17. The method of claim 16 wherein said stream of a
pertluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

18. The method of claim 1 wherein said stream of a
pertluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

19. The method of claim 18 further comprising, after said
ion bombardment, continuing to condense a stream of said
vaporized perfluorinated lubricant onto said amorphous car-
bon coating to form a continuous lubricant coating having
said effective thickness.

20. The method of claim 19 wherein said stream of a
perfluorinated lubricant 1s a vaporized stream of perfluori-
nated lubricant.

21. A method for adhering a lubricant coating to an
amorphous carbon coating comprising

directing a vaporized stream of a perfluorinated lubricant
onto said amorphous carbon coating under first condi-
tions effective to condense said perfluorinated lubricant
onto said amorphous carbon coating in an amount
sufficient to form a lubricant precursor film, said per-
fluorinated lubricant comprising molecules having the
following general structure:

(HOCH,—(OCF,CF,),—(OCF,) —OCH,OH)

wherein x and y result in a molecular weight in the range of
about 1000 to about 2000;

bombarding said lubricant precursor film with an ener-
getic beam of 1ons at an energy comprising (a) an initial
energy 1n the range of about 500 eV to about 100 keV
for a first amount of time and at a first rate of 10n arrival
sufficient to deposit a total equivalent of about 100 eV
for each molecule of said perfluorinated lubricant, and
(b) a subsequent rampdown in current density to zero
over a second amount of time, wherein said energy, said
amount of time, and said rate of 10on arrival are sufficient
to rupture interatomic bonds in both said amorphous
carbon coating and 1n said lubricant precursor film and
to form an interface comprising atomic bonds between
atoms 1n said amorphous carbon coating and atoms 1n
said lubricant precursor film.

22. The method of claim 21 wherein said 1nitial energy 1s
about 10 keV.
23. The method of claim 21 wherein

said first amount of time 1s about 2 minutes; and

said second amount of time 1s about 1 minute.
24. A method for adhering a lubricant coating to an
amorphous carbon coating comprising

directing a stream of a lubricant onto said amorphous
carbon coating under first conditions effective to
deposit said lubricant onto said amorphous carbon
coating 1n an amount sufficient to form a lubricant
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precursor film, said lubricant having viscosity
sufficient, at an effective thickness, to protect said

d

morphous carbon coating from abrasion; and

subjecting said lubricant precursor film to conditions

C.

P

fective to rupture interatomic bonds 1n said amor-
hous carbon coating and 1n said lubricant precursor

film, forming an interface comprising atomic bonds

b

d

25. The method of claim 24 wherein said lubricant 10

etween atoms 1n said amorphous carbon coating and
toms 1n said lubricant precursor film.

comprises a perfluorinated lubricant.

3

26. The method of claim 24 wheremn said lubricant
comprises molecules having the following general structure:

(HOCH,—(OCF.,CF,),—(OCF,) —OCH,OH)

wherein X and y result in a molecular weight 1n the range of
about 1000 to about 2000.
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